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Phylogenesis of the Conduction System
of the Heart
Ironically, the conduction system of the heart was reconstructed in reverse order, from the
end of the pathway to its beginning. First, the subendocardial plexus of Perkinje ﬁbers was
found by Perkinje in 1845, and second, the His bundle was described by His Jr. in 1893. The
atrioventricular node (AV node) was investigated by Tawara in 1906, and ﬁnally the
sinoatrial node (SA node) was discovered by Keith & Flack in 1907.
The conduction system is a muscle pathway that connects vertically from the sinus
venosus to the ventricle through the atrium. In the early embryogenesis, the muscle
conduction system, which passes vertically in the cardiac tube, is an original form. In
piscine, amphibian, and reptilian animals this original form has remained almost
unchanged. However, in birds and mammals, the cardiac conduction system changed
markedly with transformation of the sinus venosus and the atrium into two chambers. In
only bird and mammalian species is this vertically-extended muscle pathway conspicuously
diﬀerentiated from ordinary cardiac muscle as a specialized conducting cardiac muscle
pathway. In piscine and amphibian hearts, this pathway is diﬃcult to diﬀerentiate from
ordinary cardiac muscle, although some evidence of specialized muscle system may be
recognized.
In addition to the subendcardial Perkinje plexus observed in the ventricle, Perkinje-like
ﬁbers are observed in the atria, especially in the areas of the pulmonary venous ostia of the
left atrium and the superior vena cava oriﬁce of the right atrium. Considered from a
phylogenic viewpoint, the SA node is a relic of rounded muscle ﬁber surrounding the sinus
venosus with Cuvier canal oriﬁce. The sinus venosus, in the early embryogenesis, is
incorporated into the right atrium in its development. The rounded muscle enclosing both
right and left Cuvier canals may be incorporated into the right side of the atrium.
Considered from a phylogenic standpoint, the muscle pathway, arising from the sinus
venosus, joins with the ventricle through the AV canal in piscine species with a single
atrium and ventricle. In amphibia with two atria and one ventricle, the muscle pathway
originating from the sinus venosus connects with the ventricle enclosing the AV oriﬁce. The
atrial septum is not complete. Right and left AV valves without tendons are observed in the
AV oriﬁce. In reptiles, the heart has two atria and two ventricles, but the ventricular septum
is incomplete. The muscle ﬁbers connecting the atrium with the ventricle enters into the
ventricular myocardium through the AV funnel in reptiles as well as amphibia. AV-
connecting muscle pathways spread to the posterior ventricular wall from the atrial wall,
and enters into the right ventricle, connecting the atrium with the ventricular septum. The
AV node shows histologically specialized muscle ﬁbers, distinguishable from ordinary
cardiac muscle, only in birds and mammals.
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